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Synopsis 
 This thesis describes investigations in two different topics and consists of five 
chapters. Chapter 1, provides a broad introduction to the area of foldamers as well as to chain-
end functionalization. Chapters 2 and 3 deal with foldamers, while chapter 4 describes the 
studies on “clickable” polyesters.  
 Entropy drives polymers to adopt random coil conformations in solution. Controlling 
the conformation of a polymer in solution is fascinating, as well as a challenge. Non-covalent 
directional forces are utilized in tandem to attain the conformational ordering in solution. 
Proteins and nucleotides rely on hydrogen bonding, solvophobic interaction, -stacking etc., 
to attain their secondary and tertiary structures. The desire to emulate the elegance of nature 
and for greater understanding of natural macromolecules, has led to the development of 
protein mimics prepared from unnatural amino acids. A “foldamer” is defined as any 
oligomer/polymer that can be made to adopt a well defined ordered conformation by using 
intra-chain non-covalent interactions. Hydrogen bonding, steric effect, bond angle constraint, 
solvophobic interactions, charge-transfer complex formation, etc., are some of the non-
covalent interactions studied in the literature. Various designs explored to achieve 
conformational ordering have been reviewed in chapter 1. 
 Two designs were previously explored by Ghosh and Ramakrishnan to attain a folded 
conformation of polymers: a) polymers with alternate placement of electron rich ‘Donor’ 
(dialkoxy naphthalene, DAN) and electron deficient ‘Acceptor’ (pyromellitic diimide, PDI) 
units connected by a flexible oligo-oxyethylene (OE) was prepared and were shown to attain 
the folded conformation in the presence of suitable metal ion, as represented in Scheme 1, 
design A, and b)  a polymer containing only acceptor units linked with flexible OE segments 
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Scheme 1: Designs of Donor-Acceptor and Acceptor-Acceptor polymers 
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was shown to attain ordered conformation in the presence of external folding aid as depicted 
in Scheme 1, design B.  The chemical structure of these polymers PDA-OE6 (design A) and 
PDI-OE6 (design B) are shown in Figure 1. One of the long-term objectives is to translate this 
ordered conformation of the polymer from solution to the solid state. To address this, design 
B has been chosen because, folding in this case is completely reversible and hence provides a 
unique opportunity to remove the folding agent after affecting the conformational control in 
the solid state. Previous designs exhibited relatively low values of association constant 
between the folding aid and polymer, and hence translation of conformational control to the 
solid state was difficult to attain.  
 Thus, the main focus of chapter 2 was to design newer folding aids that could enhance 
the association constants for folding. In previous studies using PDI-OE6 (Figure 1), a DAN 
linked with the ammonium group was used as folding-aid (Figure 1, DAN-C2-NH3+). To 
improve the design, DAN-Me-COOK (Figure 1), that carries the DAN unit along with a 
carboxylate was synthesized. In this case the coordination of the K+ ion with the oxyethylene 
(OE) loop would bring the DAN unit, which is the counterion, between two adjacent 
acceptors. This, it was felt, would provide added flexibility to the DAN unit to adopt to the 
most stable C-T complex geometry and could lead to an enhancement in the association 
constant between the polymer and the folding agent.  
 Another approach to enhance the association constant would be to increase the -
surface of the acceptor units. Therefore, a new polymer carrying a naphthalene diimide unit 
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Figure 1: Chemical structure of the polymers of two designs and folding aids 
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with same OE spacer was prepared (Figure 1, NDI-OE6). The folding process in all these 
systems was readily monitored using UV-visible (C-T band) and 1H-NMR spectroscopies. 
The stacking of donor and acceptor units disrupts the ring current and causes an up-field shift 
of the aromatic protons, the extent of which is proportional to degree of folding. Similarly the 
evolution of the charge-transfer band intensities also serves as a measure of the folding. 
 While the new DAN-COOK folding agents did induce effective folding, the 
association constants were not very high. This, we reasoned, could be due to the lower 
solubility of the folding agent in polar aprotic solvents, such as acetonitrile. The use of a 
protic solvent, like methanol, to carry out the folding studies apparently leads to a poorer 
association, possibly due to the H-bonding donor properties of methanol that competes with 
the association of the folding aid with the polymer. The NDI based polymers expectedly 
showed higher association constants due to the larger –surface.  
 Another important issue is the control of stack length in foldamers, and this has been 
addressed in chapter 3. A schematic representation of the stack-breaker concept is shown in 
Scheme 2. Copolymers were prepared (Scheme 3) by varying the mole-ratios of donor 
containing diamine (DAN-OE6-DA) and OE-DA (oxyethylene glycol diamine, devoid of 
donor units). The resulting random copolymer carries regions where PDI units lie adjacent to 
each other and other regions where they lie adjacent to DAN units; the relative population of 
these segments in turn depends on the copolymer composition. Three copolymers with 
tetraethylene glycol (OE4-DA) and three copolymers with hexaethylene glycol (OE6-DA) as 
stack breaker were prepared.  With the first set of copolymers, modulation of stack length in 
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Scheme 2: Folding in two steps 
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folding is demonstrated by 1H-NMR and UV-visible titrations, whereas the second set of 
copolymers exhibit a very interesting two-step folding process. 
 1H-NMR signals proved to be very sensitive to the copolymer sequence and permitted 
the unequivocal assignment of PDI peaks to the three different sequences: 1) –(PDI—PDI—
PDI)–, termed AAA, where acceptor unit lies between two acceptor units, 2) –(PDI—PDI—
DAN)–, termed AAD, and 3) –(DAN—PDI—DAN)– termed DAD, where the acceptor lies 
adjacent to two DAN units. The ability to resolve the different types of sequences permitted 
us to observe the folding process and specifically pinpoint the regions of the polymer 
backbone that are undergoing folding. The use of the OE-6 segment in the stack-breaker 
(described in chapter 3) permitted us to uncover a novel step-wise folding process, wherein 
the regions of the polymer that carry an alternating sequence of D and A units folded in the 
presence of a simple NH4SCN, while the remaining portion carrying only A segments folded 
in a second step in the presence of DAN-C2-NH3+ folding agent, as depicted in Scheme 3. 
  1,3-Dipolar cycloaddition of an organic azide and an acetylenic unit, often referred to 
as the “click reaction”, has become an important ligation tool both in the context of materials 
chemistry and biology. Thus, development of simple approaches to generate polymers that 
bear either an azide or an alkyne unit has gained considerable importance. In chapter 4, simple 
approaches to directly prepare linear and hyperbranched polyesters that carry terminal 
propargyl groups have been described. To achieve the former, an AB-type monomer that 
carries a hydroxyl group and a propargyl ester was prepared, which upon self-condensation 
under standard transesterification conditions yielded polyester that carries a single propargyl 
group at one of its chain ends. Similarly, an AB2 type monomer that carries one hydroxyl 
group and two propargyl ester groups, when polymerized under similar conditions yielded a 
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Scheme 3: Synthesis of copolymer 
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hyperbranched polymer with numerous “clickable” propargyl groups at its molecular 
periphery (Figure 2). These propargyl groups could be readily clicked with different organic 
azides, such as benzyl azide, ω-azido heptaethyleneglycol monomethylether or 9-azidomethyl 
anthracene. When an anthracene chromophore is clicked, the molecular weight of the linear 
polyester could be readily estimated using both UV-visible and fluorescence spectroscopic 
measurements. Both these methods should provide significant improvement in the accuracy of 
the molecular weight determination using end-group analysis because of their high sensitivity 
when compared to NMR. Furthermore, the reactive propargyl end groups also provides an 
opportunity to prepare block copolymers in the case of linear polyesters, while in the case of 
the hyperbranched polymer it can serve as nano-dimensional scaffold to anchor a variety of 
functional units. 
 Chapter 5, provides a summary of the conclusions that may be drawn from various 
studies that have been carried out in the thesis, which is followed by some new directions that 
may be adopted in future to carry the investigations forward.  
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Figure 2: Structures of linear monomer and linear polymer 
